Background
==========

Despite highly developed intraoperative aseptic techniques, postoperative surgical site infection (SSI) is still one of the most common complications of spine surgery. In the current literature, SSI incidence after spine surgery ranges 2%--13%.[@b1-tcrm-14-2149],[@b2-tcrm-14-2149] In US, there are half a million patents with SSI, and the direct cost for treatment is as high as \$1.8 billion annually.[@b3-tcrm-14-2149] For patients, SSI brings about an average of 2 weeks longer in hospital, higher medical bills, and increased likelihood of disability, mortality, and physical and physiological pressure.[@b4-tcrm-14-2149]

Now that SSI prevention is one of the main requirements of high-standard medical centers, numerous techniques and guidelines have been developed to avoid it.[@b5-tcrm-14-2149],[@b6-tcrm-14-2149] After Buchholz et al[@b41-tcrm-14-2149] applied antibiotics at the site of surgery to prevent SSI and gained satisfying results, a variety of antibiotics were tried regionally for the same purposes.[@b7-tcrm-14-2149],[@b8-tcrm-14-2149] In consideration of the fact that the main pathogens in SSI are Staphylococcus aureus and Staphylococcus epidermidis and that vancomycin can eliminate both, its local application may significantly decrease SSI after spinal surgery. In the last decade, there have been numerous studies on the local application of vancomycin powder on the surgical site, but results of those studies are controversial. As such, the current study was carried out to assess the results of those studies and provide guidance for future clinical practice.

Methods
=======

Literature search
-----------------

Two independent reviewers carried out computerized search of the databases PubMed (2005--2018), Medline (2005--2018), Embase (2005--2018), Elsevier (2005--2018), Cochrane library (2008--2018), and CNKI (2005--2018) with the MeSH words "vancomycin", "local/intraoperative/topical/intra-wound", "spine/spinal/lumbar/cervical/thoracolumbar surgery", "infection", and "SSI". Where the two authors disagreed on whether studies had met the inclusion criteria, a neutral scholar was invited to settle the disputes. Two authors independently assessed the quality of the studies included with the Newcastle--Ottawa Scale (NOS).[@b9-tcrm-14-2149]

Data extraction
---------------

Data from the trails were extracted by two independent reviewers. The authors of each study, study design, sample size, patient age, time of study, and intervention methods were extracted as basic demographic data. Overall patient numbers, number of patients who had had vancomycin applied regionally to prevent postoperative SSI, and number of patients with SSI were recorded as outcome parameters. In cases where the same patients were analyzed in more than one study, they were extracted and analyzed as one patient population.

Analysis
--------

Data were analyzed and processed using RevMan 5.3 (Cochrane Collaboration, Oxford, UK). Two authors checked data input to make sure that no errors were made. Studies were considered to have significant heterogeneity if *I*^2^\>50%, in which case random-effect analysis was performed on the study data. Differences in each study were defined by OR with 95% CI for categorical outcome frequencies in study groups and control groups. ORs for all trials are shown in forest plots.

Results
=======

Study selection
---------------

Among a total of 1,715 studies, 27 studies[@b10-tcrm-14-2149]--[@b36-tcrm-14-2149] comparing the effectiveness of vancomycin in preventing SSI after spine surgery were included in the final analysis. Those studies reported the outcome of 17,321 patients with or without the regional application of vancomycin after spinal surgery. Vancomycin was applied in 7,423 of those patients and not applied in 9,898 patients ([Figure 1](#f1-tcrm-14-2149){ref-type="fig"}; [Table 1](#t1-tcrm-14-2149){ref-type="table"}).

In the 27 studies included, two were randomized controlled trials (RCTs) and the remaining were retrospective cohort studies. They were carried out between 2011 and 2018 and mostly between 2013 and 2015. The level of evidence in studies was 2--3, with NOS scores of 5--7 ([Table 1](#t1-tcrm-14-2149){ref-type="table"}).

Overall analysis
----------------

The meta-analysis on the overall effect of vancomycin on SSI included a total number of 17,321 patients. Vancomycin was applied in 7,423 of those patients, while vancomycin was not applied in 9,898 patients. Random-effect analysis was carried out because *I*^2^\>50%. Results of the meta-analysis indicated that SSI incidence in control groups (no vancomycin) was 2.56 times as high as in experimental groups (vancomycin applied locally during surgery). The difference was significant between the groups (*P*\<0.01; [Figure 2](#f2-tcrm-14-2149){ref-type="fig"}).

Subgroup analysis according to the study design
-----------------------------------------------

In consideration of the fact that results of RCTs may have less patient selection bias than retrospective studies, here, we meta-analyzed the data by RCTs and retrospective studies separately. In the current literature, there are only two RCTs: studies by Tukabi et al and Mirzashahi et al. Those studies included a total of 1,287 patients, and meta-analysis indicated that SSI incidence in vancomycin groups was 1.36 times as high as in control groups (95% CI 0.65--2.83), but this difference was not significant (*P*=0.41). Meanwhile, meta-analysis of 25 retrospective studies with 16,034 patients indicated that SSI incidence in vancomycin groups was 0.34 times as high as in the control group (95% CI 0.23--0.51), and this difference was significant (*P*\<0.01; [Figure 3](#f3-tcrm-14-2149){ref-type="fig"}). Given that neither of the RCTs provided a trial registration number and both were carried out in a single study center, the quality control status of those RCTs may be questionable. More multicenter RCTs with strict quality control are necessary to reach a more reliable result.

Subgroup analysis according to the application of internal fixation
-------------------------------------------------------------------

In consideration of the fact that patients with internal fixation may face higher likelihood of SSI after surgery, in the current study, we analyzed patients who underwent internal fixation and those who did not separately. In the 18 studies included in this analysis, 7,776 patients received internal fixation. Meta-analysis indicated that SSI incidence in vancomycin groups is 0.31 times as high as control groups (95% CI 0.19--0.50), and this difference was significant (*P*\<0.01). The analysis of four studies including 560 patients indicated that when no instrumentation was applied, SSI incidence in vancomycin groups was 0.19 times as high as in control groups (95% CI 0.02--2.03), but this difference was not significant (*P*=0.12). This indicated that the local application of vancomycin may not affect SSI incidence in patients with no internal fixation ([Figure 4](#f4-tcrm-14-2149){ref-type="fig"}).

Subgroup analysis of deformity correction or nondeformity correction surgery
----------------------------------------------------------------------------

Patients who undergo deformity correction surgery always have to endure longer operations, more intraoperative hemorrhage, and more implants than in conventional spine surgeries. All those factors can increase the possibility of postoperative SSI. In the current study, four studies including 1,250 subjects were on patients who underwent spinal deformity correction. Meta-analysis of these studies showed that in spinal deformity surgeries, the SSI possibility in vancomycin groups was 0.59 times as much as no-vancomycin groups (95% CI 0.24--0.1.43), but this difference was not significant (*P*=0.06). Meanwhile, meta-analysis of 23 studies with 16,071 patients who did not underwent spinal deformity-correction surgery showed that vancomycin group has 0.35 times as much SSI possibility as no-vancomycin group (95% CI 0.23--0.53). This difference was significant (*P*\<0.01; [Figure 5](#f5-tcrm-14-2149){ref-type="fig"}).

Subgroup analysis depending on the site of surgery
--------------------------------------------------

In consideration of the fact that there could be differences in SSI incidence in patients undergoing cervical, thoracic, or lumbar surgery, in the current study, we analyzed patients who received surgical treatment on cervical, thoracic, or lumbar region separately. Given that the studies included did not provide adequate information on patients receiving thoracic spine surgery and that most surgeries carried out on the thoracic region also involve the thoracolumbar junction, in the current study, we analyzed the data of thoracic and lumbar regions as a whole. Among the studies included, five studies with 1,684 patients received surgical treatment in the cervical region. Meta-analysis indicated that SSI incidence in vancomycin groups was 0.33 times as high as control groups (95% CI 0.16--0.69), and this difference was significant (*P*\<0.01). The analysis of four studies including 3,118 patients who received surgical treatment in the thoracic and lumbar regions indicated that SSI incidence in vancomycin groups was 0.27 times as high as control groups (95% CI 0.08--0.85), and this difference was also significant (*P*=0.03). This indicated that local application of vancomycin can significantly reduce SSI incidence in patients who receive surgical treatment in the cervical, thoracic, or lumbar region ([Figure 6](#f6-tcrm-14-2149){ref-type="fig"}).

Effect of vancomycin on deep and superficial infection after spine surgery
--------------------------------------------------------------------------

In consideration of the fact that deep and superficial infections after spine surgery require different treatment options and have different outcomes, we analyzed the incidence of deep and superficial infections between the two groups. Eight studies including 4,532 patients analyzed the incidence of deep tissue infection after spinal surgery, which was lower in the vancomycin group than in the no-vancomycin group (OR =0.39, 95% CI 0.16--0.98; *P*=0.05). In the meanwhile, the analysis of five studies including 1,973 patients revealed that application of vancomycin did not significantly reduce the incidence of superficial wound infection (OR 0.83, 95% CI 0.40--1.71; *P*=0.62; [Figure 7](#f7-tcrm-14-2149){ref-type="fig"}).

Discussion
==========

With advances in aseptic surgical techniques, postoperative SSI incidence is gradually decreasing. However, SSI is still one of the most common surgery-related complications. In the current literature, the incidence of SSI is as high as 10%.[@b37-tcrm-14-2149] Risk factors for SSI include being overweight, overage, diabetes, smoking, poor overall physical condition, implant application, long surgery, and voluminous hemorrhage.[@b38-tcrm-14-2149]

Vancomycin has been proven to be effective in reducing postoperative SSI in patients undergoing arthroplasty.[@b39-tcrm-14-2149] Intravenous application of vancomycin can affect liver and kidney functions. Compared to intravenous drug delivery, local application of vancomycin powder can reach high doses specific to the surgical region, avoiding injury to healthy organs.[@b40-tcrm-14-2149] Therefore, regional application of vancomycin powder may reduce SSI after spine surgery without causing serious harmful effects to vital organs. In the last two decades, vancomycin has been applied in several medical centers. However, the results are controversial. The current research was carried out to assess the published studies and provide more reliable information for future clinical work.

In our literature research, we found 27 studies including 17,321 patients on the effectiveness and safety of vancomycin. This is the meta-analysis with the largest participant base so far. Result of the current meta-analysis showed that the regional application of vancomycin could reduce SSI incidence to approximately one-third (OR 0.39) of that when vancomycin was not applied. The difference between the two groups was significant (*P*\<0.00001).

17,321 patients received a variety of surgical treatments, including spinal deformity surgery and common surgery with or without internal fixation. In consideration of the fact that different treatment measures may react differently to the application of vancomycin, we analyzed patients by the surgical treatment they received. Vancomycin was proven to be effective in reducing SSI after all varieties of spinal surgeries, except when instrumentation was not applied (*P*=0.17) and in deformity correction surgery (*P*=0.25). However, because of the vague information in most publications, there were only four studies with 560 patients that reported not using any implants, and only eight of those patients suffered from SSI. On the other hand, there were 7,776 patients in 18 studies in the meta-analysis showing that the application of vancomycin can significantly reduce SSI after spine surgery (OR 0.31, 95% CI 0.19--0.50). These results indicate that in patients with no instrumentation, it may not be necessary to use vancomycin to prevent SSI, but still more data can be used to solidify this conclusion.

Similarly, there were only four studies with 1,250 patients leading to the conclusion that vancomycin may not help to decrease SSI in deformity correction surgery. This result could change with more data from the studies that had strict design and large sample. It can also be seen from the current research that although the incidence of deep wound infection may be influenced by the application of vancomycin (OR 0.39, 95% CI 0.16--0.98; *P*=0.05), the incidence of superficial wound infection may not be influenced by the application of vancomycin (OR 0.83, 95% CI 0.40--1.71; *P*=0.62). However, since deep wound infection can be much more harmful to patients and more difficult to treat, it is still plausible to use vancomycin intraoperatively to prevent SSI.

The current study has several disadvantages. Among the 27 included studies, only two studies were RCTs, with the rest being retrospective cohort studies. Most studies included 300--1,000 patients, with four exceptional studies with \>1,000 participants. Considering that NOS scores of those studies were mostly 6--7, we included them in the data extraction process and used random-effect analysis when *I*^2^\>50%. Therefore, we believe the final data are still meaningful for clinical practice. However, due to the study design in most retrospective studies, there were few patients with no-instrumentation treatment. Results of the meta-analysis may change with more RCTs with more strict design and execution.

Conclusion
==========

SSI incidence after spinal surgery can be significantly reduced by intrawound application of vancomycin in most circumstances. This method can be applied with instrumentation in various clinical settings of spine practice, except for no-instrumentation surgery, to prevent postoperative SSI.
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![Overall surgical site infection incidence was significantly low when vancomycin was applied locally after surgery (*P*\<0.01).](tcrm-14-2149Fig2){#f2-tcrm-14-2149}
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![Local application of vancomycin reduced surgical site infections after surgery irrespective of whether internal fixation was used.](tcrm-14-2149Fig4){#f4-tcrm-14-2149}

![Local application of vancomycin reduced surgical site infections after surgery in both spinal deformity surgeries and nondeformity surgeries.](tcrm-14-2149Fig5){#f5-tcrm-14-2149}

![Local application of vancomycin significantly reduced surgical site infection incidence in patients who received cervical, thoracic, or lumbar surgical treatment.](tcrm-14-2149Fig6){#f6-tcrm-14-2149}

###### 

Subgroup analysis of incidence of deep (upper) and superficial (lower) tissue infections after spinal surgeries.
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###### 

Demographic characteristics of included studies

                                        Experimental/control   Average age (years)   Study design    Evidence   Quality   Surgery type       Fixation   Dose (g)   Applied in all layers   Site of infection   Follow-up (months)
  ------------------------------------- ---------------------- --------------------- --------------- ---------- --------- ------------------ ---------- ---------- ----------------------- ------------------- --------------------
  Caroom et al[@b31-tcrm-14-2149]       40/72                  59.8/56.4             Retrospective   2          7         Cervical           100        1          Yes                     Deep, superficial   6
  Cannon et al[@b35-tcrm-14-2149]       68/27                  6.3/5.4               Retrospective   2          6         NA                 0          1          Yes                     Deep, superficial   3
  Hey et al[@b10-tcrm-14-2149]          117/272                45/48                 Retrospective   3          6         NA                 100        1          Yes                     Deep, superficial   3
  Devin et al[@b11-tcrm-14-2149]        966/1,090              60.5/59.5             Retrospective   2          7         NA                 79.2       1          No                      Deep, superficial   NA
  Emohare et al[@b12-tcrm-14-2149]      96/207                 53.7/58.2             Retrospective   3          6         NA                 NA         1          No                      Deep, superficial   NA
  Garg et al[@b36-tcrm-14-2149]         228/310                13.8/14               Retrospective   3          7         Deformity          100        0.5--2     Yes                     Deep                3
  Godil et al[@b13-tcrm-14-2149]        56/54                  43/45                 Retrospective   3          6         Fracture           100        1          No                      Deep, superficial   3
  Haimoto et al[@b14-tcrm-14-2149]      247/268                58.4/54.4             Retrospective   3          7         NA                 100        1          No                      Deep, superficial   NA
  Heller et al[@b15-tcrm-14-2149]       342/341                55.3/49.1             Retrospective   3          7         NA                 100        0.5--1     Yes                     Deep                3
  Hida et al[@b16-tcrm-14-2149]         81/93                  48.4/50.3             Retrospective   3          6         NA                 56.3       0.5--1     Yes                     Deep                20
  Hill et al[@b17-tcrm-14-2149]         150/150                54.1/58.3             Retrospective   3          6         NA                 NA         1--2       Yes                     Deep, superficial   1
  Kim et al[@b19-tcrm-14-2149]          34/40                  57.9/60.0             Retrospective   3          5         NA                 100        1          No                      Deep, superficial   NA
  Martin et al[@b20-tcrm-14-2149]       115/174                62.3/57.6             Retrospective   3          6         Cervical           100        2          No                      Deep                NA
  Martin et al[@b21-tcrm-14-2149]       156/150                63.4/62.7             Retrospective   2          7         Deformity          100        2          No                      Deep                NA
  O'Neil et al[@b22-tcrm-14-2149]       56/54                  43/45                 Retrospective   3          6         Fracture           100        1          No                      Deep, superficial   NA
  Pahys et al[@b23-tcrm-14-2149]        195/806                59/53.6               Retrospective   3          7         Cervical           100        0.5        Yes                     Deep, superficial   3
  Strom et al[@b24-tcrm-14-2149]        156/97                 64/64                 Retrospective   2          7         Lumbar             100        1          Yes                     Deep, superficial   12
  Strom et al[@b24-tcrm-14-2149]        79/92                  60/60                 Retrospective   2          7         Cervical           100        1          Yes                     Deep, superficial   12
  Sweet et al[@b26-tcrm-14-2149]        911/821                56/53                 Retrospective   3          7         Lumbar, thoracic   100        No         否                      Deep                30
  Theologis et al[@b27-tcrm-14-2149]    151/64                 60/62.4               Retrospective   3          6         Deformity          100        2          Yes                     Deep, superficial   3--35
  Thompson et al[@b28-tcrm-14-2149]     104/87                 7.1±2.8               Retrospective   3          6         Deformity          100        1          Yes                     Deep                NA
  Tomov et al[@b29-tcrm-14-2149]        1,173/1,252            57.4                  Retrospective   3          6         NA                 NA         1          Yes                     Deep, superficial   NA
  Tubaki et al[@b30-tcrm-14-2149]       433/474                44.5/46.6             RCT             2          7         NA                 66.8       1          No                      Deep, superficial   3
  Mirzashahi et al[@b32-tcrm-14-2149]   193/187                NA                    RCT             2          6         NA                 100        1--2       No                      Deep                15
  Horii et al[@b18-tcrm-14-2149]        694/2,165              68.5/65               Retrospective   3          6         NA                 100        1--2       Yes                     Deep, superficial   12
  Feng and Yang[@b34-tcrm-14-2149]      297/267                60.1/57.5             Retrospective   3          5         NA                 62.6       1          No                      Deep, superficial   NA
  Li 2016[@b33-tcrm-14-2149]            206/363                51.5/53.7             Retrospective   3          6         Lumbar             100        1          Yes                     Deep, superficial   12

**Abbreviations:** NA, not available; RCT, randomized controlled trial.
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